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Daily Maximum Temperatures 
Fo'ebayBounda ry of 	 Dam 
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T""Exiszing and naturai conaizions are very simrnar even at peaKs 
TmDifferences occur as the temperature rise or drop 	 i 
T""'Differences are both higher and lower than natural 
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T'Time of travel is shorter for Natural Conditions (NC) = 0.5 davs 
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Thermal /p,ertia  Induced  Lag 
Boundary Reservoir 

Heat Wave35 br Cold Front Effect 
Modei setu p 

30-day simulation 
period 
I ncreased 
atmospheric heat 
exchange for 7 
days 

Day 1-7: normal 
Day 9-15: heat 
wave 
Day 17-30: 
normal 

Box Canyon 
temperatures 

EC — average of 
NC 
NC — no dams 
upstream 

Tributaries set to 
zero flow  
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Boundary Reservoir 
Heat Pulse 

Lag Demonstration 4-5 days 

T Time Series from the Surface 
with Heat Pulse at Forebay Location 
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'EC = Existing Condition (temperature response with dams = 5 dr ; 
NNC = Natural Condition (temperature response < 1day) 
:xisting temperatures with dams are slower to respond and results in a I 
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erall Lag Time Effect on Temperature 
Assessment 

Travel Time lag (around 8/24/2004) 
~ 2.5 days 

Thermal Inertio lag 
~ 4-5 days 

This affects Assessment of Impairment 
Is this real Impairment? 

Sustained river temperatures (higher than fish tolerance) 
Added external heat (point sources, and tributaries) 

- not redistribution of existing heat 
or 

Is this Apparent Impairment? 
One-day comparisons with Natural Conditions 

- Parcels of water at forebay are not the same (lagrangian fish) 
"Impairment" attributed due to lag (travel time and thermal inertia) with 
respect to simulated natural temperature 
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Sol'onal vs Daily Temperature Lag 
ogrrong effects on temperature are possible based on site specific conditions 

but not at Boundary Reservoir 

McKenzie River, OR  

---------------------------- 
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8
August, 2004 

0 
Existing condition 

118 days 
Tmax = 25.25 °C 

Natural condition 
123 days 
Tmax = 25.29 °C 
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Another Look at Impairment 
boundary Dam Forebay 

Are the temperatures in existing condition higher than natural? 
Is 20 °C criterion exceeded more often than natural condition? 
Number of Days 
>20°C 
forebay surface 
temperatures 

2004 - 2005, Number of Days with Temperature in Bin Value 
., 

~ Existing 
~ Natural 

30 

Temperature Bin ( °C) 

"Existing conditions in Boundary reservo ir do not cause more days to exceed 
0°C, relative to Natural Conditions 

"Differences in number of days > 20°C and peak temperature magnii .. 
ignificant 
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o'' Number of Days Exceeding 20°C 
orebay Locati on at Surface, 2004 & 2005 

2004, Number of Days with Temperature in Bin Value 

2004 
Existing 58 days 
Tmax = 25.25 °C 

Natural 63 days 
Tmax = 25.29 °C 
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TM  Even after separating out 2004 and 2005 data, existing 
conditions in Boundary reservoir do not cause more da} 
to exceed 20°C, relative to Natural Conditions 

TMConclUSions remain the same 
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O`Colu bia River TMDL - Examp le  
Problem Assessment for the Columbia/Snake River Temperature TMDL 

Preliminary Draft 
(U.S. EPA October 18, 2001) 

Frequency of Predicted Temperature 
Excursions Over 20°C in The Columbia River 

; 	 ;cen  

Cuiucibid Riuer luiie 

Frequency analysis technique used successfully by U.S. EPA to sh 

T'Temperatures at Bonneville Dp.,, exceed the 20°C criteria more 
froquently (impounded) than in Natural Conditions (unimpounde 

TmFrequency analysis detects where real impoundment is presen . 

~ 

~ 

+ 	~ 

~ 	a 

i 

~ 

~. 

2013-13100007222 



F'Willamette River TMDL - Approach 
Willamette Basin TMDL CHAPTER 4: TEMPERATURE -MAINSTEM TMDL 

AND SUBBASIN SUMMARY 
(ODEQ September 2006) 
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rnase errects on temperature lnaucea ay ine vwiiiamette t-a 
Dam — No increase in peak temperature but a lag of 4 days 

T"^Maximum temperature difference = 1 °C 
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Figure 4.27 	CUMMIM"ve freqLiency distrlbUtiOn of Lower Willarnette teniperature vvith and without prolect ..................... .............. . . . . . 	................. . . . 	..................................................................................... 	........................................ . . . . . . . . . . . . . . . . . 	. .. .. .. . . .......... . 	........... . .. 	. 	..... . 	. 	. ............................................................... 	...... 

Lowei-  Willamette 70ADM Tempei'atLire - SLJmmei , 	 Differ-encc- 
Jun 15 to Sep 15 - 200 1  and 2002 
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'M Real difference in high temperatures at Willamette Falls = 0.1°C (EC-NC) is of 
I/loth of what is apparent 
-M In several temperature rancies, includinci peak temperatures, reduc 
;emperatures is see 
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~requency Distribution (Surface Data) 
Daily Mciximum Temperatures >20°C 

Exis~ ing and Natural Temperatures — Boundary Forebay 

Frequency of Daily Maximum Temperatures 	Difference in Temperature Frequency 
(Existing Temperature >20 °C) 	 (Existing - Natural) 
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Frequency analysis similar to the Willamette TMDL method shows, 	Period Covered —Summer 2004 to Summer 2005 
greatest difference in high temperatures at Boundary Forebay = 0.66"C 	Dates:7/9/2004 to 9/4/2004 & 7/8/2005 to 9/8/2005 

Existing Conditions — Natural Conditions) compared to >3°C iparent L' 	 ' 

50/50 chance that Existing > or < Natural 
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eview of Moving 7-day 	 Analysis 
Presented by Ecology on 2/25/08 

Start with maximum daily temperature data 
Existing Condition (EC) 
Natural Condition (NC) 

Pool the data 
AII model segments (whole domain) 
7-day period 

Compute frequency analysis on the pooled data 
Frequency intervals from 1% to 99% 

. Both EC and NC 
Compute differences in frequency intervals (EC-NC) 

only when EC >20°C and EC-NC>0.3°C 
otherwise the difference is zero 

Advance the calculations by 1 da (running from June 16 — 
Sept 26) 

Data pooling, frequency analysis, differences 
use of 7-d' -- 	ng anaiysni masks tra --' 	ana inermai ine 	 ~ 

lag effect 

2013-13100007222 



30 

28 

0  26 
~ 24 
~ 

y 22 
Q 

F 20 

18 

16 

Existing 
Natural 

8(14 	8(16 	8118 	8120 	8122 	8(24 	8126 	8128 

Temperature Pulse at Metaline Falls 
30 

28  

0 26 	 Natural 

~ 24 
~ 

y 22 
Q 

F 20 

18 

16 
8(14 	8(16 	8118 	8120 8122 	8124 	8126 	8128 

Temperature Pulse at Forebay 

30 

28 

~ 26 

~ 24 
~ 

~ Q 22 

E 
F 20 

18 

16 
8(14 	8(16 	8(18 	8120 	8(22 	8124 	8126 	8128 	I 	. 	

.. 
Date 

Pulse ends in 
Forebay 

rmperature Pulse Test — 7-day Method 
Existing and Natural Conditions 

Temperature Pulse at Box Canyon Tailrace 

1-day maximum 
temperature pulse 
starts at Box 
Canyon 

Pulse travels 
through Boundary 
Reservoir 
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Temperature Pulse at Forebay 
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Moving 7-day 
analysis gives 15 
sets of results 
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T"'Natura) Condition oulse is reaistered t 	n h, 	I then ~ 
Existina 

T"'Correct assessment is possioie oniy wnen ootn puises are in t 
same (7-day) window 

. 

Moving 7-day periods 

i 

2013-13100007222 



Registers as 
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Temperature Pulse at Forebay 

Moving 7-day Analysis 
df Temperature Pulse 

Temperature Pulse at Box Canyon Tailrace 

Existing 
2.7 day travel time 
Maximum temperature = 25 °C 

Natural 
0.5 day travel time 
Maximum temperature = 25 °C 

Maximum apparent impairment 
_ 5.0 °C 

Number of days of apparent 
impairment 

3 

Tne l  p'oblem with running daily 
a a ys 

Involves multiple sampling of the 
same data 
So days of apparent impairment 
are counted more than once 
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Summary of Lag Time Issue 

Frequency analysis over the summertime critical 
period is the effective approach for Boundary — 
Pend Oreille River 

Addresses both travel time and thermal inertia lag 
Recommended approach - EPA approved Willamette 
TMDL method 

The moving 7-day approach 
Ineffective in isolating real impairment 
Results in double counting 
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ow Weiahted Averaae Temr)erature 
- Approved by ODEQ and U.S. EPA (Willamette TMDL - ODEQ 2006) 
- Approved by Ecology (Rocky Reach 401 Cert.) 
- Within the capability of PSU - CE-QUAL-W2 model 
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Stratification in Boundary Reservoir 
August 24, 2004 
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3tratification in Boundary Reservoir is a short duration even 
:ontrolled by release of cooler water from upstream 
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Daily Maximum Temperatures 
Forebay of Bou ndary  Dam 

Existing and Natural - Volume Weighted Temperatures 

25 	 Forebay - Daily Maximum 
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Use of Heat Wasteloads for Dams 
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Heat Equation Calculation 
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This approach which leads to incons istency between heat and temperature 
balance assumes that: 

The whole water column is at the same temperature 
Highest temperature persists for the 24-hour duration 

_ Flow is constant over the entire 24-hour duration 
Potential remedy 
- Volume or flow weighted averaging 

24-hour integrated heat flux calculation 
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